Although intertrochanteric femoral fractures in elderly patients are common injuries that have been studied extensively, little has been reported about highenergy intertrochanteric fractures in younger patients. This study examined the injury characteristics and outcomes of high-energy intertrochanteric fractures in patients younger than 65 years treated with either sliding hip screws (SHSs) or cephalomedullary nails (CMNs). A total of 37 patients younger than 65 years (mean age, 45 years) with high-energy intertrochanteric fractures and mean follow-up of 34 weeks were identified; 21 patients were treated with SHSs, and 16 patients were treated with CMNs. All fractures were AO/ Orthopaedic Trauma Association (OTA) fracture type 31A1 or 31A2. Injury characteristics, measures of surgical quality, treatment outcomes, and complications were compared. Despite high-energy mechanisms of injury, 84% of patients had AO/OTA type 31A1 fractures, 60% presented with an Injury Severity Score of 17 or higher, and 78% sustained other injuries. There were no significant differences in tip-apex distance (TAD), reduction quality, blood loss, or surgical time (P>.05) for fractures treated with SHSs or CMNs. The overall rate of major complications requiring revision surgery was 13.5%; this difference was not statistically significant (P=.36). Young patients with intertrochanteric fractures often have multisystem trauma; these fractures are difficult to reduce by closed means, and young patients are more prone to complications than older patients. In particular, varus collapse occurred at a high rate in young patients with intertrochanteric fractures treated with SHSs despite relatively simple fracture patterns, satisfactory TAD, and satisfactory reduction quality. [Orthopedics. 2017; 40(2):e293-e299.] 
A lthough there is an abundance of literature on intertrochanteric femoral fractures in elderly patients, including meta-analyses, 1, 2 there are few studies on the management of intertrochanteric fractures resulting from high-energy mechanisms of injury in younger patients. Studies on the treatment of femoral neck fractures with highenergy mechanisms of injury in younger patients have reported treatment challenges and high complication rates. [3] [4] [5] [6] [7] The few reports on high-energy intertrochanteric fractures are contradictory, with some reporting consistent healing after fixation [8] [9] [10] and others noting a high risk of revision surgery, 3 varus malreduction or collapse, 11 and femoral shortening. 8 In addition, there has been little focus on differences between fixation with sliding hip screws (SHSs) and cephalomedullary nails (CMNs) in younger patients. Although implant selection has been examined extensively in geriatric intertrochanteric fractures, only 1 study comparing SHSs and CMNs in highenergy intertrochanteric fractures has been reported in the literature, 8 and the primary outcome was evaluation of fem-oral shortening during fracture healing. Because these injuries often are widely displaced ( Figure 1 ) and require open reduction, instrumenting for the definitive implant while provisionally stabilizing the fracture can be technically easier with SHSs than CMNs. On the other hand, CMNs are more advantageous in highly unstable fractures.
This study examined treatment outcomes and complications in patients who sustained high-energy intertrochanteric fractures treated with SHSs and CMNs. The study hypothesis was that high-energy intertrochanteric fractures in younger patients would be associated with a higher complication rate than historical controls for intertrochanteric fractures in elderly patients and that there would be no difference in outcomes between patients treated with SHSs or CMNs.
Materials and Methods

Study Population
After receiving institutional review board approval, the orthopedic trauma database at a single, urban level 1 trauma center was used to identify 279 consecutive patients with intertrochanteric fractures treated between January 2008 and June 2014. Of these, 59 patients were treated with SHSs and 220 patients were treated with CMNs. To identify only fractures that were suitable for fixation with both implants, only AO/Orthopaedic Trauma Association (OTA) fracture types 31A1 and 31A2 were included. Type 31A3 fractures were excluded because they are more unstable and results are superior with intramedullary nails. 12, 13 Failure rates of 37% to 56% have been reported with the use of SHSs, proximal femoral locking plates, or 95° screwplates in AO/OTA type 31A3 fractures. [13] [14] [15] Patients older than 65 years and those with fractures resulting from a samelevel fall, pathologic fractures, or comorbidities associated with osteopenia such as end-stage renal disease were excluded. Fifty-four patients met the inclusion criteria and represented 19.4% of all intertrochanteric fractures treated at the authors' institution during the study period; 27 fractures were fixed with each implant. Mean time to surgery was 2.8 days, and median time to surgery was 2 days because some patients were critically ill on arrival and were unable to undergo early definitive care.
Of the 54 patients who met the inclusion criteria, 37 patients (21 with SHSs and 16 with CMNs) had clinical and radiographic follow-up demonstrating union or failure for a follow-up rate of 68.5% and comprised the study population ( Table 1) . Mean follow-up was 286 days (95% confidence interval [CI,] 151-421 days) for patients treated with SHSs and 183 days (95% CI, 123-244 days) for patients treated with CMNs.
The trauma surgery team evaluated all patients on arrival in the emergency department. In 32 patients, computed tomography (CT) scans of the chest, abdomen, and pelvis were obtained as part of the trauma work-up; when CT was available, the fracture was evaluated on CT scans during preoperative planning. Early definitive treatment was performed in patients who were stable on arrival or after a brief period of resuscitation. Patients who were not expected to undergo fixation within 1 or 2 days were placed in skeletal traction with a proximal tibial traction pin.
Surgical Technique
Based on surgeon preference and fracture displacement pattern, the patient was placed supine or lateral on a fracture table. Fluoroscopic images were obtained 
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before draping to assure adequate visualization and to evaluate provisional closed reduction. If closed reduction was not satisfactory, a lateral incision was made for placement of the plate for SHSs or the lag screw for CMNs.
Instruments and clamps were placed to manipulate the fracture with the aid of traction through the fracture table. If reduction was not achieved, the incision was extended to a Watson-Jones approach to the proximal femur, with preservation of as much soft-tissue attachment and blood supply as possible. Clamps or other provisional stabilization were placed out of the way of future instrumentation for the definitive implant.
The implant type was chosen at the surgeon's discretion ( Table 2) . Regardless of the implant used, the surgeon aimed for the smallest possible tip-apex distance (TAD) and center-center placement of the lag screw in the femoral head. Standard wound closure was performed in layers. Weight-bearing status after surgery was dependent on the presence of other injuries, such as acetabular or tibial plateau fractures, and the preference of the surgeon ( Table 3) .
Demographic and Treatment Data
Demographic data included age, sex, smoking status (unavailable in 2 patients), body mass index (unavailable in 3 patients), mechanism of injury, AO/OTA fracture classification, and Injury Severity Score (ISS). Measures of surgical quality were compared between groups because they are not only prognostic indicators of successful treatment but also because they would reveal whether the treating surgeons were "better" using 1 implant compared with the other. These measures included TAD to the nearest 0.5 mm, 16 whether a closed reduction was achieved (unable to verify in 5 patients), quality of reduction, 16 and operative time and blood loss (neither were included if other procedures, except traction pin removal, were performed during the fracture fixation). In the 2 patients with reconstruction nails, TAD was not calculated.
Finally, treatment outcomes were compared, including successful union, shortening of the femoral head-neck segment at union as measured from sliding of the lag screw (only those with 4 mm or more were recorded), and need for major reoperation, which included revision of fixation, bone grafting, conversion to arthroplasty, or debridement for infection. Differences in implant removal for prominence were not compared because follow-up was not consistently long enough to adequately assess this outcome.
Radiographic measurements were performed by 2 reviewers (M.H.A., J.C.W.). When reviewers differed on TAD or shortening by 3 mm or less, the mean was used. When reviewers differed by more than 3 mm or when there was disagreement in fracture classification or quality of reduction, reviewers reexamined the radiographs together and reached a consensus.
Statistical Analysis
Descriptive statistics were used to characterize variables of the cohort as a whole. Means were reported with standard deviations. Differences between SHSs and CMNs in continuous data were compared using the Student's t test, and 
results
The majority of patients were polytraumatized young men. Mean patient age was 45.3±11.7 years, and 27 patients (73%) were men. The most common mechanism of injury was a motor vehicle accident (64.9%), followed by fall from a height (10.8%), motorcycle accident (8.1%), allterrain vehicle accident (8.1%), pedestrian struck by vehicle (5.4%), and crush injury (2.2%). Thirty-one injuries (83.8%) were AO/OTA type 31A1 fractures. Mean ISS was 18.8±10.0, and 22 patients (59.5%) presented with an ISS of 17 or higher. Eight patients (21.6%) had ipsilateral femoral shaft fractures, and 29 patients (78.4%) had other injuries, including orthopedic injuries (25 injuries) and nonorthopedic injuries (23 injuries) ( Table 4) .
There were no differences between the SHS and CMN cohorts in measures of surgical quality. Six (16%) of the 37 fractures, 3 treated with SHSs and 3 treated with CMNs, were reduced with traction and closed manipulation on a fracture table alone. The remainder required open reduction, limited open reduction, or percutaneous techniques before fixation with the definitive implant. Mean TAD was 21.5±6.5 mm, and 74.3% of lag screws were within 25 mm of the apex. The quality of reduction was good in 25 patients, acceptable in 10 patients, and poor in 2 patients. Mean operative time was 148±49 minutes, and mean blood loss was 312±189 mL ( Table 5) .
The rate of complications for these injuries was higher than historical data on intertrochanteric fractures in elderly patients. The overall rate of major complications was 13.5%, including 3 cases of varus collapse, 1 periprosthetic fracture, and 1 nonunion ( Table 6 ). In contrast, the overall rate of the same complications in a recent update of a Cochrane Review was 4.9% in 2684 predominantly older patients. 2 There were more complications in patients treated with SHSs (19%) than in patients treated with CMNs (6%), but this difference did not reach statistical significance (P=.36). Of the complications in the SHS cohort, 1 patient with varus collapse declined revision surgery; 2 other patients with varus collapse and 1 patient with a periprosthetic diaphyseal fracture underwent revision of fixation to CMNs. Varus collapse occurred through loss of fixation in the femoral head in 1 patient and through loss of fixation of the plate on the femoral shaft in 2 patients ( Figure  2 ). Mean TAD in these patients was 20.3 mm (22, 15, and 24 mm), and the quality of reduction was good in 2 patients and acceptable in 1. The patient with a nonunion in the CMN cohort underwent revision of fixation to another CMN and autogenous iliac crest bone grafting. This patient was diabetic and a smoker with a segmental injury (ipsilateral femoral shaft fracture) that required bone grafting of both sites. Shortening of the femoral head-neck segment of 4 mm or more occurred in 3 patients, all of whom had type 31A1 fractures fixed with SHSs. One unrecognized intraoperative lateral wall fracture occurred in the SHS group; the fracture healed without mechanical failure. Shortening and intraoperative lateral wall fracture were not considered major complications; however, neither occurred with CMN fixation.
In the cohort of 8 patients with ipsilateral femoral shaft fractures, 5 were treated with SHSs and a retrograde nail; the remaining 3 patients were treated with CMNs. One of the latter was the patient in the CMN cohort who developed a nonunion; in the remaining 7 patients, healing occurred uneventfully. In the cohort of 6 patients with the 31A2 fractures, all of the fractures healed uneventfully; 2 patients were treated with SHSs and 4 patients were treated with CMNs.
discussion
Many studies, including large metaanalyses, have focused on the optimal 
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Copyright © SLACK inCorporAted n Feature Article treatment of intertrochanteric femoral fractures in elderly patients 1, 2, [17] [18] [19] ; however, the literature on the treatment of younger patients with high-energy intertrochanteric fractures is sparse. Often, these patients are lumped into larger cohorts with patients of all ages, despite the fact that only 3% of hip fractures occur in patients younger than 50 years. 3 This study is the first to specifically evaluate intertrochanteric fractures suitable for fixation with both SHSs and CMNs in AO/OTA type 31A1 and 31A2 fractures in younger patients with high-energy injuries. The purposes of this investigation were to define injury characteristics and treatment outcomes in this cohort, and also to compare treatment outcomes for SHSs and CMNs.
Most young patients with an intertrochanteric fracture treated at the current authors' level 1 trauma center had polytrauma, with additional orthopedic and nonorthopedic injuries, which is consistent with other reports. 3, [8] [9] [10] [11] However, the mean ISS and rate of concomitant injuries in this study are slightly higher, possibly as a result of local trauma epidemiology and the stringent exclusion criteria used to minimize the inclusion of physiologically and chronologically older patients.
Despite such severe injuries and highenergy mechanisms of injury in the patients in this study, most of the patients had "simple" type 31A1 fracture patterns without involvement of the posteromedial calcar. This finding is partly because type 31A3 fractures were excluded as they require treatment with an SHS with a trochanteric buttress, an intramedullary nail, or a proximal femoral locking plate 13 and would not be relevant to the comparison between SHSs and CMNs. However, type 31A1 fractures were still far more common than type 31A2 fractures in this cohort, for unclear reasons. Despite the predominance of stable A1 fractures in patients with presumably normal bone quality, the rate of complications was high. In addition, despite the preponderance of simple fracture patterns, satisfactory fracture reduction by closed manipulation alone was not possible in 81% of patients.
The overall rate of major complications requiring revision surgery in this study was 13.5%, which is significantly higher than the 4.9% rate reported in a Cochrane Review of studies involving patients 73 to 84 years old. 2 The complication rate in the current study is more in line with that reported in the treatment of vertical femoral neck fractures in young patients, which is a difficult injury to manage. 5 Only a few studies have specifically investigated outcomes of pertrochanteric femoral fractures in young patients. Platzer et al 8 evaluated femoral shortening after fixation of pertrochanteric fractures in 95 patients younger than 60 years; 83 of the fractures were type A1 and A2 patterns. All of the fractures healed, but there was an 18% frequency of malreduction (17 fractures), with "further loss of reduction" occurring in 9 fractures. Starr et al 9 randomized 34 young patients with highenergy proximal femoral fractures to piriformis or trochanteric nailing; although no difference was noted in outcomes, there was an 18% overall frequency of varus malreduction. Of the 34 fractures, only 13 were type A1 or A2 patterns, and it is unclear how many of these had varus malreduction.
In another study by Verettas et al, 11 74 patients younger than 50 years with proximal femoral fractures were evaluated; 26 of the fractures were high-energy trochanteric fractures. They reported a 27% occurrence of complications (delayed union, varus displacement, and implant failure). A study by Hwang et al 10 included 66 patients younger than 40 years with intertrochanteric fractures; 55 of the fractures were considered high-energy. All of fractures healed, but 2 fractures fixed with SHSs developed infection and loosening of the screws in the femoral shaft, and 1 fracture fixed with a CMN sustained a cortical violation.
The strength of the current study lies in the strict inclusion and exclusion criteria. Only type A1 and A2 fractures were included; type A3 fractures were excluded because type A1 and A2 fractures represent the only patterns suitable for fixation with both SHSs and CMNs. The main weakness is the retrospective nature of the study, which subjects the results to the selection bias of the treating surgeons. The relatively small numbers in the study were a result of the strict inclusion and exclusion criteria used to attempt to answer the hypotheses posed in this particular patient population.
Another weakness is the decision not to include a cohort of elderly patients for comparison and to use historical data. Because of the extensive literature that exists on intertrochanteric fractures in elderly patients, including large patient populations in level 1 studies, it was believed that using a matched cohort was not necessary. In addition, the mean length of followup was only 241 days. Longer follow-up may have revealed additional findings. However, given that major complications requiring reoperation were studied, all of the patients underwent follow-up at least until clinical and radiographic union or until failure requiring reoperation.
conclusion
This study identified more major complications in patients treated with SHSs than with CMNs; however, this difference was not statistically significant. More importantly, the study highlights the high overall complication rate in patients with this challenging injury. Although other studies have reported similar findings, none distinctly evaluated fractures suitable for fixation with either implant in this cohort of patients.
The findings of this study also strengthen the evidence that younger patients with intertrochanteric femoral fractures are inherently different from elderly patients with the same injury. They require a careful evaluation for other inju- 
